Virtually all murine plasmacytomas carry chromosomal translocations that activate c-myc. The predominant (=90%) c-myc-activating chromosomal translocation in pristane (2,6,10,14-tetramethylpentadecane)-induced plasmacytomas in BALB/c mice is a reciprocal translocation t(12;15) in which an immunoglobulin heavy-chain switch sequence is joined to the 5' region of c-myc. The most common switch region involved is S.. We developed a direct PCR method to screen for recombinations between c-myc and S.. The critical step in establishing the method was the cloning and sequencing of the 5' flank of Ca, a region with a reduced number of switch repeats that is much more favorable for designing specific PCR primers than the highly repetitive S. region. In applying this PCR method, we detected translocation-specific junction fragments in transplanted (10/16, 63%) and primary (5/15, 33%) plasmacytomas. Moreover, the sensitivity of a nested version of that technique allowed us to discern rare t(12;15)s in BALB/c mice in the preneoplastic stage of plasmacytomagenesis (8/20 mice, 40%) as early as 30 days after administration of pristane. We conclude that t(12;15) is the probable primary, if not initiating, oncogenic step in plasmacytomagenesis.
MATERIALS AND METHODS
Induction, Diagnosis, and Transplantation of PCTs. Primary PCTs were induced by i.p. administration of plain
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pristane (2, 6 ,10,14-tetramethylpentadecane; Aldrich) in conventionally maintained BALB/cAnPt inbred or susceptible BALB/cAnPt.DBA/2N-Idhl-Pep3 congenic mice (M.P., unpublished data). PCTs were diagnosed and transplanted as described (9) . The mice were bred and maintained at Hazelton Laboratories, Rockville, MD under National Cancer Institute contract (NOI-CB-21075).
Preparation of DNA Templates for PCR. High molecular weight DNA was prepared from tissues that had been snapfrozen in liquid nitrogen or from cultured cells according to standard phenol/chloroform extraction protocols that include digestions with proteinase K (100 ,ug/ml, Boehringer Mannheim) and RNase A (40 p,g/ml, Sigma). For rapid preparation of DNA from single cell suspensions and tissues, a lysis buffer consisting of 50 mM KCl, 10 mM Tris HCl (pH 8.3), 2.5 mM MgCl2, 0.5% Tween 20 , and proteinase K at 50-300 ,ug/ml was employed. Cells or tissues were incubated in lysis buffer at 60°C for 4-16 h and then incubated at 90°C for 30-60 min to inactivate proteinase K. This simple in-tube protocol usually results in the release of DNA with an A260/A280 --1.4 that serves effectively as a PCR template.
PCR Primers. PCR primers were initially designed by assessing available sequence data. Later, the primer analysis software OLIGO 4.1 (National Biosciences, Plymouth, MN) was employed. Altogether, 15 primers for exon 1 and intron 1 of c-myc and 23 for the S,,/5'-Ca region were tested. Table   1 gives the sequences for those primers found to be most reliable throughout the study. Position numbers in the Sa/ 5'-Ca region refer to the aligned sequence of Se (GenBank entries MUSSREGU and MUSIGCD41) and 5'-Ca (this paper) with the first base in MUSSREGU being position 1 showed that one end of the insert contained germ-line IgA sequences including the 5' flank of Ca, whereas the other end of the clone mapped within the chromosome 15 c-myc/Pvt-l amplicon (J.S., unpublished data). Clone pAB2.1 was chosen to sequence the 5'-Ca region, using the Sequenase method as described above.
RESULTS PCR Amplification ofc-myc/IgH. Junctions. In preliminary studies we found that the highly repetitive tandem pentameric sequence of S, (CTGRG) is a major obstacle for specific primer annealing and extension in that region. The S. sequence as originally determined (10) has been recently extended (11) . However, the nucleotide sequence bridging S, and Ca-i.e., 5'-Ca-which we report here ( Fig. 1) , had not been previously determined. This region contains far fewer repetitive switch pentamers than Sa (see Fig. 3C ) and therefore provides primer sites that are more suitable for initiating PCR-driven DNA synthesis through the translocation breakpoints into c-myc. To establish the PCR technique a panel of 16 transplanted PCTs with molecularly verified breakpoints associated with the Sa region were selected (8) . When the primers shown in Table 1 were used, c-myc/IgHa junction fragments were amplified in 10 of 16 (62%) transplanted tumors (Table 2) , and the products were characterized by DNA sequencing (Table 3) . Amplified products were not detected in 6 of 16 PCTs; MOPC 41, MOPC 46B, TEPC 15, TEPC 609, SAM 368, and BAL 17. The reasons for that are presently unclear. The PCR-generated junction fragments of five PCTs were compared with those previously described by cloning and sequencing of recombination joints. For the remaining fivejunction fragments generated by PCR previous sequence data were not available. PCR analysis confirmed the previously determined translocation breaksites for MOPC 167 (12, 13) , TEPC 1165 (14) , and HOPC 1 (6) . Based on the better definition of the Sa/5'-Ca region, the PCR breaksites for MOPC 315 (13) and XRPC 24 (15) in c-myc were located 6 and 4 bp 5' of the sites previously described, respectively.
We extended this analysis to 15 primary PCTs and found five tumors (33%) that yielded junction fragments; the sequences of these five are given in Table 3 Genetics: Janz et al. 
DISCUSSION
Detection of c-myc/IgH, Recombinations by PCR. The PCR method described in this paper has the potential to detect all translocation breakpoints in c-myc that occur in the region of the gene indicated in Fig. 2A as the 5' and 3' limit of breaksites. In contrast, the method is limited to segments of the IgH locus in several ways: (i) Only breaksites in IgHa can be identified, although other regions of the IgH gene cluster, most notably SAL, Sy2aq and Sy2b, are known to be utilized in some PCTs (Fig. 3A) . Table 1 and Fig. 2A ; for PCR primers used for Sa/5'-Ca see Table 1 and Fig. 3B . *Transplanted PCT. §Three breaksites are possible, and the most 5' one with respect to c-myc is given.
lTwo breaksites are possible and the most 5' one with respect to c-myc is given. "iPrimary PCT.
Genetics: Janz et al. region, whereas all Sa primers tested represent consensus sequences. However, using consensus primers in a highly repetitive Sa region invites mispriming and PCR artefacts. We were able to design only a single primer (al ; Table 1 ) for the 3-kbp Sa region (combined GenBank entries MUSS-REGU and MUSIGCD41) that worked reliably. It is noteworthy, though, that so far direct PCR in immunoglobulin S regions has been restricted to the use of primers that are complementary to the nonrepetitive flanking regions (18) (19) (20) . Our data, however, show that primer complementary to sequences within an S region can on some occasions be employed.
Isotype Switching and t(12; 15) . It is not known whether t(12;15)s are mediated by aberrant switch recombinase activities. However, the distribution of chromosomal breakpoints along Sa/5'-Ca, either within or downstream of physiologic switch recombination sites, suggests a mechanism of recombination that involves switch recombinase-mediated cuts within the Sa acceptor site region followed by deletions that move the breaksites further toward C0 (Fig. 3B) . The hypothesis that switch recombinase is involved in t(12;15) is supported by the following facts: First, switching is not confined to the functional chromosome but occurs on both chromosomes, often at the same IgH region (21, 22) . Thus switching to IgH0 on the productive allele may occur in parallel to switching to IgH0 on the nonproductive allele. It is feasible that during this process the latter allele is rendered accessible to recombination with c-myc. Second, the ability for such illegitimate recombination to occur may somehow be related to the imprecision of the switching process, which is known to be particularly variable for the nonproductive IgH gene locus (23) . Third, c-myc contains numerous S, (and SL) pentamers in its 5' region ( Fig. 2C ) that had been noticed previously (6, 24) . It is conceivable that these repetitive Table 1 pentamers somehow facilitate recombination with S regions as suspected early on (24) . However, the excess of Sa, pentamers in the region of c-myc that is indicated in Fig. 2C  is modest; i.e., the motifs GGGGT, CTGGG, and CTGAG occur 3-4 times more frequently than expected, and so far we have no proof for their involvement. Short direct repeats distinct from S, pentamers may also increase the likelihood for c-myc/IgHa rearrangements. In this respect, the excess of short recombinogenic motifs in the 5' region of c-myc such as the tetrameric sequences GAGG (13, 25) , CCCT (26) , CGGC (27) , and the pentameric GC stretches CGCGG/CCGCC (refs. 28 and 29; Fig. 2C 
